We investigate empirically the relationship between trust and pecuniary technology transfers within and outside the boundaries of the firm. We use firm level data on R&D imports for 1045 European companies operating in Spain for the period [2004][2005][2006][2007], and a measure of bilateral trust between European citizens. We find that companies from countries with low trust in Spain import technology from the group, while companies with high trust in Spain import R&D through market channels. Our results suggest that an increase in trust does not necessarily increase pecuniary technology transfers, and that trust is a factor that influences the firm's governance of technology transfers.
Introduction
Does trust enhance technology transfers? In this paper, we investigate empirically whether trust in the host economy influences imports of R&D of European companies operating in Spain. In order to address this question, we study the effect of trust on two types of R&D imports: (i) within their business group, as a measure of pecuniary technology transfers; and (ii) through market channels, as a measure of external technological transactions. We use a unique dataset on European firms operating in Spain that provides exhaustive information on firms' R&D imports by provider, and a measure of trust in Spain from citizens of European countries as elicited in the Eurobarometer survey. 1 At first sight, the answer to the above question might seem straightforward.
Technology is not completely excludable. It can be imitated, leaked or misused. Positive expectations of the quality of a country's law enforcement, its business morale, or the quality of a country's institutions may influence the beliefs upon which trust is based (Guiso et al.
2009).
2 This can induce a positive relationship between trust and technology transfers.
However, Williamson (1971 Williamson ( , 1985 Williamson ( , 1993 argues that transfers within organizations can indicate that companies want to control and oversee their affiliates' activities. This lack of confidence might be influenced by a belief about the typical trustworthiness of the country where the affiliate operates. In this case, lack of trust can increase technology transfers within companies. and the country risk was very small in the analyzed period. In addition, countries belonging to the EU share common institutions and intellectual property rights, which allow us to differentiate the influence of trust on technology transfers from other effects, as it would be the case with countries with large institutional differences.
International technological flows and Foreign
Our results show that trust affects technology transfers, after controlling for firm and country of origin characteristics. We find that companies from countries who on average do not trust Spain tend to acquire technology through their business group. In contrast, firms from countries with high trust in Spain import R&D through market channels. These results are in line with Williamson's idea that vertical integration is important in low-trust environments (Williamson 1971) . Our findings suggest that companies operating in trustful countries have more autonomy and require less control from the parent company than firms located in countries perceived as unreliable. One implication of our results is that the relationship between trust and technological imports is not straightforward. Our results suggest that an increase in trust will not necessarily increase technological imports into the country. The reason is that companies from countries with low trust in the host country are receiving large technological transfers from within the group. A small increase in trust decreases technological group transactions, which might not be compensated by R&D imports through market channels.
There is evidence on the positive influence of trust on economic growth (La Porta et al. 1997; Knack and Keefer 1997; Zack and Knack 2001) , on market transactions between countries (Guiso et al. 2009 ), and that multinationals prefer to operate in countries where the security and the intellectual property rights are strong (Helpman 1993; Branstetter et al. 2006 ). Like Ulset (1996) and Zhao (2006) , our paper suggests that companies transfer technology even if their affiliates are located in low-trustworthy countries. In order to do so, companies protect themselves by transferring knowledge within the firm instead of through market channels. Our paper is related to the literature that analyses the impact of cultural differences on economic transactions (Desmet et al. 2009; Giuliano 2007 
Technology transfers
4 See the Appendix for details on data sources. 5 The survey is targeted to industrial companies whose main economic activity corresponds to sections C, D, and E of NACE 93, except non-industrial companies because of the imprecision of methodological marking in the international context by other branches of activity. Note that this variable also excludes the acquisition of software, royalties, or investments in foreign R&D capacity.
The firm also indicates where these R&D acquisitions come from: companies that belong to the same business group, outside the group, from Spain, and from abroad. We construct our measures of R&D imports as follows. We call the imports from firms that belong to the same business group as the company "imports of R&D services from within the group" , and "imports of R&D services from the market" indicate those imports from firms that do not belong to the same business group as the company. We take the logarithms of these variables after dividing by the number of employees. We call these variables "R&D imports intensity within the group" and "R&D imports intensity from the market" respectively. They are our measures of technology transfers and external technological imports from the market.
Trust in the host country
Our main independent variable is trust into Spain from citizens of the country where the parent company is located. The Trust data come from Guiso et al. (2009 A number that varies from four (a lot of trust) to one (no trust at all) is assigned for each answer. On average, some countries trust people from other countries more than others. In order to control for this issue, we construct a measure of relative trust, which is the trust that citizens of a country have in Spain over the average trust that they have in all other countries.
Empirical regularities
Figure 1 provides a sense of the relationship between trust and transfers of technology within the group, and external R&D obtained through market channels. We group R&D import intensity into four relative trust quartiles. On average, imports within the group are larger than imports from the market except for the highest levels of trust. The distribution of imports across quartiles shows that as relative trust increases from the first to the second quartile, imports within the group increase. However, further increases in relative trust decrease R&D imports within the group. By contrast, imports from the market always increase as relative trust increases. These features seem to indicate that technology transfers within the group decrease with relative trust, while technology flows from the market increase with relative trust.
Insert Figure 1 Table 1 reports the means of the variables relative trust and the previously specified measures of R&D imports from the group and from the market distinguishing by company's country of origin. include a set of geographical dummies. The reason for including these variables is that firms can learn from the R&D strategy implemented by geographically close companies, given the importance of agglomeration effects to induce spillovers.
Firm's country of origin characteristics
Companies that come from high-tech countries can have access to a wider technology network and profit from updated technologies, which can enhance technology transfers.
Following these arguments, we, first, include the variable business and enterprise R&D expenditures as % of GDP in our specification. This variable is constructed as the ratio of expenditures on R&D in the business enterprise sector (BERD) over GDP. These data come from the OECD database "Main Science and Technology Indicators". Second, we include the logarithm of the GDP per capita because companies from large countries can benefit from research economies of scale. We also consider a country's openness which is the ratio between exports plus imports over GDP. If there is some substitution between trade and FDI,
as Helpman et al. (2004) show for U.S. firms, we expect that this variable is negatively correlated with technology transfers. The source of the two previous variables is the Penn
World Tables (2009) .
Economic and cultural similarities
Guiso et al. (2009) show that cultural similarities between countries influence economic transactions. In order to control for this fact, we consider several variables that can measure the relatedness of countries. Following Guiso et al. (2009), we construct the variable same legal system origin which is a dummy variable that takes the value one if the country of origin has French legal origin like Spain. Sharing the same legal origin can be a proxy for having a common cultural heritage, which can enhance economic transactions in the market.
These data come from La Porta et al. (1999) . We expect that this variable affects technological transactions through the market positively. We also include in our estimations a measure the technological proximity of countries which we call patent portfolio similarity.
Like in Leten et al. (2007) Based on the previously described variables, Table 2 reports their means by country of origin of the parent company, and Table 3 shows correlations between variables.
Insert Tables 2 and 3 
Econometric results
In this section we present the results of the estimation of the model depicted in the previous section. As equations [1] and [2] make clear, the decision to import R&D services is jointly estimated with the R&D imports intensity using the Generalized Tobit model. We start by analyzing R&D imports within the group (Table 4) , and afterwards we apply our model to R&D imports from the market (Table 5 ). In both cases the correlation term rho is significant, which indicates that the econometric technique we are using is appropriate given the need to estimate a selection model for the observed intensity.
As we have mentioned previously, we include the same set of explanatory variables With respect to the decision to import R&D services from the group, the results in Table 4a support our hypothesis that companies belonging to groups from countries with low trust in Spain, tend to acquire technology through their business group. The rest of explanatory variables have the expected sign, although the set of parent company's country characteristics are not statistically significant, perhaps because these variables are more related to the decision of firms to locate subsidiaries in Spain, and not specifically to import R&D services once the decision of location has been taken.
Being an affiliate or an exporter, the intensity of internal R&D, firm size and sectoral R&D intensity, all increase the probability of importing within the group. As for the variables that measure economic and cultural similarities, the results show that distance and the patent portfolio similarity seem to discourage the decision to import technology from the group, while having the same legal system origin and the corporate tax similarity pressure in the opposite direction.
Conditional on having imported R&D services within the group, relative trust also affects the import intensity negatively (Table 4b ), reflecting that trust not only is important for the decision to acquire technology through the group, but also for the magnitude of this transaction. In comparison with the decision equation, the majority of variables in the intensity equation keep the same impact in terms of sign and significance, with two exceptions: now being an exporter has no effect on the intensity, and some parent company's country characteristics (coming from high-tech and large countries) enhance this kind of technology transfers. In column (vii), we show the estimations using instrumental variables.
The results are consistent with previous estimations.
Insert Tables 4a and 4b In Table 5 we show our findings for the relationship between trust and R&D imports from the market. The results both for the decision and the intensity estimates confirm our hypothesis about relative trust. In what refers to market transactions, trust acts as a stimulating element.
Insert Tables 5a and 5b As a robustness test, we include random effects in the previous specifications. Table 6 shows the results of the random effect model. The results in this table confirm the previous findings. Finally, it is possible that transfers within the group and from the market are not independent decisions. For this reason, we estimate both decisions simultaneously, and report the estimations in Table 7 . The results again support previous estimations. After controlling by random effects, and allowing the possibility of simultaneous decisions, we find that trust is positively related with transfers of knowledge from market channels and negatively correlated with transfers within the group.
As for the rest of explanatory variables, the signs of the coefficients for the firm and the parent company's country characteristics, which are included in the estimations as control variables, are consistent with the theory. Notice that the sign of the internal R&D intensity could be positive (reflecting complementarity with R&D imports) or negative (showing substitutability). In the case of intensity of imports from the market we obtain a negative relationship, while the impact is positive if the transactions are made through the group. This result suggests that these different channels (within the group and from the market) can be considered by the firm as alternative once the decision to import R&D services has been taken.
Insert Tables 6 and 7 
Concluding remarks
In this paper, we have studied the effects of trust on technology transfers. We have estimated determinants of R&D imports within the group and through the market for 970
affiliates from European firms operating in Spain. We find evidence that trust into Spain is negatively related with technology transfers within the business group and positively related with acquisitions through market channels. These results are in line with transaction cost theory and, in particular, with Williamson's idea that vertical integration is important in lowtrust environments (Williamson 1971) . The analysis in this paper suggests that an increase in trust may significantly change the channels through which knowledge flows. The results also
show that the overall effect of trust on technology transfers can be negative if knowledge through the group is not substituted by market acquisitions. The next step should be to investigate the impact of the different types of technology transfers on firms´ innovativeness.
It would also be useful to study whether the reason for the potential negative effect of trust on technology flows is given by differences on absorptive capacities. We leave these questions open for future research.
-Arora, A., Fosfuri, A. and A. Gambardella (2001) -Bernard, A., Jensen, J., Redding, S., and P. Schott (forthcoming) "Intra-firm trade and product contractibility" American Economic Review. 
Appendix 1: Data
Definitions of the variables used and their sources:
All variables come from PITEC database, except if it is specified otherwise.
All the information about this database, including the data, is available at:
http://sise.fecyt.es/sise-publicweb/mostrarModelo.do?idContentValue=134&version=38&idContent=134&tipoModelo=4
All firm variables refer to companies operating in Spain with a parent company located in another European country. All economic data are in euros. All variables are freely downloadable in the reported webpage.
Independent variables:
Acquisitions of R&D services: In the database, the companies are asked about their expenditures corresponding to "acquisitions of R&D services outside the firm through
contracts, informal agreements… Funds to finance other companies, research associations, etc… that do not directly imply purchases of R&D services are excluded". Note that this
variable also excludes the acquisition of software, royalties, or investments in foreign R&D capacity. The firm also indicates which part of these external R&D expenditures is made from companies that i) belong to the same business group or outside the business group, and ii) are located in Spain or outside Spain. In this way, we construct two measures of R&D imports:
• Imports of R&D services within the group: External R&D expenditure from companies located abroad that belong to the same business group.
• Imports of R&D services from the market: External R&D expenditure from companies located abroad that do not belong to the same business group.
We take the logarithms of these variables over the number of employees to construct the variables .
Main independent variable:
Relative trust: The trust that a country has into Spain comes from a survey of EU citizens. Here we present the regression that analyses the determinants of relative trust. The estimation method is Ordinary Least Squares. We use the predictions of this regression to instrument the variable relative trust in equations (1) and (2). Notes: t-statistics are reported in parentheses. The regressions include a constant, year and industry dummies. * denotes significance at 10%; ** denotes significance at 5%; *** denotes significance at 1%. The symbol (d) denotes dummy variable. The symbol (iv) denotes that the variable has been instrumented by the corresponding variable lagged one period, the proportion of researchers over the total number of employees, and all the other independent variables.
